Abstract. We consider meson-baryon interactions in S-wave with strangeness −1. This is a sector populated by plenty of resonances interacting in several two-body coupled channels. We consider a large set of experimental data, where the recent experiments are remarkably accurate.
Introduction
The study of strangeness −1 meson-baryon dynamics comprising theKN plus coupled channels, has been renewed both from theoretical and experimental sides. Experimentally, we have new exciting data like the increasing improvement in precision of the measurement of the α line of kaonic hydrogen accomplished recently by DEAR [1] , and its foreseen better determination, with an expected error of a few eV, by the DEAR/SIDDHARTA Collaboration [2] . This has established a challenge to theory in order to match such precision. In this respect, ref. [3] provides an improvement over the traditional Deser formula for relating scattering at threshold with the spectroscopy of hadronic atoms [4] . In addition, one needs a good scattering amplitude to be implemented in this equation. The study of strangeness −1 meson-baryon scattering has a long history [5, 6, 7, 8, 9, 10, 11, 12] within K-matrix models, dispersion relations, meson-exchange models, quark models, cloudy bag-models or large N c QCD, just to quote a few. However, in more recent years it has received a lot of attention from the application of SU(3) baryon Chiral Perturbation Theory (CHPT) to this sector together with a unitarization procedure, see e.g., [13, 14, 15, 16, 17, 18, 19, 20, 21, 22] . Recently, ref. [3] pointed out the possible inconsistency of the DEAR measurement on kaonic hydrogen and K − p scattering, since the unitarized CHPT results, able to reproduce the scattering data, were not in agreement with DEAR. Later on, ref. [20] insisted on this fact based on its own fits, although they only included partially the O(p 2 ) CHPT amplitudes [21] . However, the situation changed with ref. [22] , as it was shown that one can obtain fits in Unitary CHPT (UCHPT), including full O(p 2 ) CHPT amplitudes, which are compatible both with DEAR and with K − p scattering data. In addition, ref.
[23] extended the work of ref. [22] by including additional experimental data, recently measured with remarkable precision by the Crystal Ball Collaboration, for the reactions K − p → ηΛ [24] and π 0 π 0 Σ 0 [25] . The importance of including the latter data in any analysis of K − p interactions has been singled out in ref. [26] . We will report here about the series of works [22, 21, 23] on meson-baryon CHPT. Recently, we also presented the first full and minimal SU(3) CHPT meson-baryon Lagrangians to O(p 3 ) in ref. [27] .
The study of K − p plus coupled channel interactions offers, from the theoretical point of view, a very challenging test ground for chiral effective field theories of QCD since one has there plenty of experimental data, Goldstone bosons dynamics and large and explicit SU(3) breaking. In addition, this sector shows a very rich spectroscopy with many I=0, 1 S-wave resonances that will be the object of our study as well. Apart from that, these interactions are interrelated with many other interesting areas, e.g., possible kaon condensation in neutron-proton stars, large yields of K − in heavy ions collisions, kaonic atoms or non-zero strangeness content of the proton. 
Formalism and Results
A general meson-baryon partial wave in coupled channels can be written in matrix notation as [17] ,
where g is a diagonal matrix that comprises the unitarity bubble for every channel and K is the interaction kernel that is determined from meson-baryon CHPT. This is accomplished by performing a power expansion of T calculated from CHPT and then matched, order by order, with the chiral expansion of eq.(1),
taking into account that g is of chiral order one. We calculate K up to O(p 2 ), K 1 = T 1 and K 2 = T 2 . The lowest order result, T 1 , contains the seagull, direct and crossed exchange diagrams, while the next-to-leading order amplitudes, T 2 , come from pure contact interactions. This is shown diagramatically in fig.1 . Once the kernel K = T 1 + T 2 has been calculated, we insert it in eq.(1) and evaluate the S-wave amplitudes.
In ref. [22] a large set of meson-baryon scattering data was fitted which was enlarged in ref. [23] including new precise ones from the Crystal Ball Collaboration. Namely, ref. [22] took into account the σ(K − p → K − p) elastic cross section [29, 30, 31, 32] , the σ(K − p →K 0 n) charge exchange one [29, 30, 32, 33, 34] , and several hyperon production reactions, σ( [30] . In our normalization the corresponding cross section, keeping only the S-wave, is given by
where M B denotes the final meson-baryon system, p ′ the final CM three-momentum and p the initial one. Table 1 . A-type fits that agree with the DEAR data, eq.(5). The σπN value enforced in the fits is given in the first row. For precise definitions of the parameters f , b0, bD, bF , bi and ai see ref. [23] . Three among the parameters b0, bD, bF and bi are fixed. In addition, we also fit the precisely measured ratios at the K − p threshold [35, 36] :
Units
The first two ratios, which are Coulomb corrected, are measured with 1.7% precision, which is of the same order as the expected isospin violations. Indeed, all the other observables we fit have uncertainties larger than 5%. Since we are just considering the S-wave amplitudes, we only include in the fits those data points for the several K − p cross sections with laboratory frame K − threemomentum p K ≤ 0.2 GeV. This also enhances the sensitivity to the lowest energy region in which we are particularly interested. We also include in the fits the π ± Σ ∓ event distributions from the chain of reactions
. The number of data points included in each fit, without the data for the energy shift and width of kaonic hydrogen, is 97. Unless the opposite is stated, we also include in the fits the DEAR measurement of the shift and width of the 1s kaonic hydrogen energy level [1] ,
which is around a factor of two more precise than the KEK previous measurement [28] , ∆E = 323 ± 63 ± 11 eV and Γ = 407 ± 208 ± 100 eV. To calculate the shift and width of the 1s kaonic hydrogen state we use the results of [3] incorporating isospin breaking corrections up 
. We further constrain our fits by computing at O(p 2 ) in baryon SU(3) CHPT several πN observables with the values of the low energy constants involved in the fit. Unitarity corrections in the πN sector are not as large as in the S = −1 sector, e.g., there isn't anything like a Λ(1405) resonance close to threshold, and hence a calculation within pure SU(3) baryon CHPT is more reliable here. Thus, we calculate at O(p 2 ), a + 0+ , the isospin-even pion-nucleon S-wave scattering length, σ πN , the pion-nucleon σ term, and m 0 from the value of the proton mass m p . In this way we fix three of our free parameters. Table 3 . B-type fits that do not agree with the DEAR data, eq.(5). The enforced σπN value in the fit is shown in the first line. For precise definitions of the parameters f , b0, bD, bF , bi and ai see ref. [23] . Three among the parameters b0, bD, bF and bi are fixed. In addition ref. [23] included further data from recent experiments of the Crystal Ball Collaboration [24, 25] . These data comprises the K − p → ηΛ cross section and Σπ event distributions from the reaction
As noted in ref. [23] these data cannot be reproduced from the fits given in ref. [22] and then new fits were considered in the former reference that from the beginning included the data from [24, 25] . As in ref. [22] two type of fits were found. The so called A-type fits, table 1, that together with scattering data also reproduce the DEAR measurement on kaonic hydrogen, and the B-type fits, table 3, that reproduce the former but not the latter. In fig.2 and table 2 we show the reproduction of the data by the A-type fits and in fig.3 and table 4 the same is done for the B-type fits. In the last column of table 3 we include the lowest order fit, only with K 1 , also shown in fig.3 .
It is worth stressing the good reproduction of the data accomplished by the A-type fits, including the most recent measurement of the kaon hydrogen lowest energy level and width. One also observes a factor of 2 of difference between the K − p scattering lengths of the A-and B-type fits. So, if finally the DEAR measurement [1] is confirmed by the results of the DEAR/SIDDHARTA Collaboration [2] , it would give rise to an important step forward in the knowledge of kaon-nucleon interactions. This difference in the scattering lengths makes also that only the A-type fits have a pattern of isospin violation in the calculations of the shift and width of kaonic hydrogen of expected size [3] . For the B-type fits the isospin violations turn out to be rather large, 30%, while for the A-type only 14%. In addition, we also observe from tables 2 and 4 that the values of the scattering lengths are rather independent of the values given to the sigma terms.
Spectroscopy
We show in tables 5 and 6 the I=0 and 1 poles, respectively, corresponding to the so-called fit I of ref. [23] , given in the fifth column of table 1.
By passing continuously from one Riemann sheet to the other some of the poles in the tables with the same isospin are connected and represent the same resonance. One observes poles corresponding to the Λ(1405), Λ(1670) and Λ(1800) in good agreement with the mass and width given to those resonances in the PDG [38] . In addition, there is a lighter resonance around 1310 MeV, not quoted 
Events in the PDG, and this has to do with the so called two Λ(1405) resonances, although for fit I it appears much lighter than in ref. [18] . For I=1 one has the Σ(1750) resonance. Fit I amplitudes also show in I=1 a broad bump at around 1.6 GeV corresponding to the Σ(1620). There are also other poles around theKN threshold which mix up giving rise to a clear bump structure from 1.4 to 1.45 GeV. These poles could be related to the Σ(1480) [39] . Finally, we also observe an I=2 pole for fit I at 1722 − i 181 MeV.
In tables 7 and 8 the I=0, 1 poles positions for the fit II of ref. [23] , given in the fifth column of table 4, are shown. There are also poles corresponding to the Λ(1405), Λ(1670) but not for the Λ(1800). There is no Σ(1750) resonance either and the bumps for the Σ(1620) have disappeared in several amplitudes.
In summary we have reviewed the works of refs. [22, 21, 23] . We have shown two type of fits that agree with scat- 
Events tering experimental data but only one type agrees with the DEAR measurement of kaonic hydrogen [1] . These latter fits are also those that offer a remarkable agreement with spectroscopic information [38] . Hence, taken into consideration the present experimental information, the so called fits A, 
